Summary. The distributions of glycogen, phosphorylase and glycogen synthetase were studied in the testes and ductuli efferentes of hamsters aged 1 to 99 days (body weight 3 to 130 g). Glycogen was also determined quantitatively.
INTRODUCTION
Numerous histochemical studies indicate the presence of glycogen in the semini¬ ferous tubules of man (Arzac, 1950; Long & Engle, 1952; Mancini, Nolazco J--P-Fouquet and S. Guha & de la Balze, 1952; Montagna & Hamilton, 1952) , of deer (Wislocki, 1949) , of hamster (Clermont, 1954) and of different domestic and laboratory animals (Nicander, 1957) . These data were reviewed by Mann (1964) . In spite of a relatively abundant literature on testicular glycogen, no quantitative data are available on this subject. Only Mancini, Narbaitz & Lavieri (1960) have studied the localization of glycogen in human testis during the postnatal development. Alfano & Swartz (1955) studied total glycogen in hamster testis during postnatal development, though no data on the quantity or localization were given. As glycogen is abundant in hamster testis (Clermont, 1954) , the present study on the localization of glycogen in the testis, particularly in the seminiferous tubules, from birth to maturity, was undertaken and correlated with the quantity of glycogen present. The present report is also concerned with the possible co-relationship of glycogen with spermatogenesis and with the enzymes of glycogen synthesis and breakdown, i.e. glycogen synthetase and phosphorylase.
MATERIAL AND METHODS
From March to October, hamsters from 1 to 99 days old and some animals of undetermined age (body weight 3 to 130 g) were killed by stunning. One testis of each animal was rapidly frozen in liquid nitrogen and the sections were cut in a cold microtome. The other testis was usually utilized for glycogen deter¬ mination. Some adult hamster testes were fixed in Gendre's fluid to localize glycogen in relation to spermatogenic stages. Sections of either unfixed or fixed tissues were cut in such a way as to obtain the seminiferous tubules, rete testis and efferent ducts in the same section.
Periodic acid-Schiff reaction with dimedone blocking, and occasionally with saliva digestion on fixed tissue sections was utilized for glycogen localiza¬ tion (Lison, 1960) . Spermatogenic stages are easily identifiable in fixed tissue sections, so these were often preferred for adult animals. Active phosphorylase and total phosphorylase (active + inactive form), were studied by using the incu¬ bation media of Guha & Wegmann (1959 . Polyvinyl pyrrolidone, at a concentration of 10% (w/v) was added to all these incubation media. For gly¬ cogen synthetase activity, the incubation medium of Sie, Sawyer & Fishman (1966) was utilized. Glucose-6-phosphate independent form (I-form) of gly¬ cogen synthetase was examined by omitting glucose-6-phosphate from the above-mentioned medium. Iodine staining was utilized to visualize the sites of these enzyme activities. Incubation of unfixed sections in glycogen synthetase medium often caused cytolysis, so the unfixed tissue sections, before incubation, were post-fixed overnight in absolute alcohol at -20°C. After drying, these sections were incubated for 2 hr.
Autoradiographic methods for phosphorylase (Guha & Wegmann, 1966a) and for glycogen synthetase (Guha & Wegmann, 1968) were equally utilized for some tissue sections to ensure the specificity of these reactions (see Guha & Wegmann, 1965 (Clermont & Perey, 1957) . Gonocytes seem to contain no glycogen (PL 1, Fig. 1 During the first 2 weeks of post-natal development, glycogen in the tunica albugínea and in the interstitial cells disappears progressively. In the sex cords, some glycogen can still be detected in 8-day animals, and then at the end of the 2nd week it disappears totally (PL 1, Fig. 2 ). In the arteriole wall, glycogen remains unchanged during development. Total phosphorylase activity also diminishes progressively, parallel with the disappearance of the sex cord glycogen. A weak activity, however, persists in the central cytoplasmic mass of the cords but the activity varies from one cord to another.
Towards the end of the 3rd week, lumina appear in the sex cords. Spermato¬ cytes (II) and a few immature spermatids are seen in these animals. Glycogen, in trace amounts, is occasionally detectable in a few tubules, but moderately intense phosphorylase, both active and total, is present in the tubules.
In the 4-to 5-week animals (average weight 45 g), spermatocytes and im¬ mature spermatids are abundant, the sex cords are transformed into semini¬ ferous tubules and an appreciable amount of glycogen is present. In some tubules of 5-week animals (45 to 50 g), a second generation of spermatids appears but glycogen disappears almost totally from these tubules, while the tubules containing one generation of spermatids show an increased amount of glycogen (PL 1, Fig. 3 ). Total phosphorylase activity is displayed by most of the tubules. The activity of this enzyme is quite marked in the tubules containing glycogen but weaker or absent in other tubules. The active form of phosphorylase is particularly strong in the glycogen-rich tubules and its activity is only slightly less intense than that of the total form. At the time of puberty, phosphorylase, particularly the active form, increases considerably and J·-?· Fouquet and S. Guha glycogen synthetase activity becomes detectable in the glycogen-rich tubules. The total glycogen content in these animals varies from 50 to 70 mg/100 g of testis.
The advent of spermatogenesis in the 6-week animals (body weight 50 to 60 g) is marked by a rapid increase in the glycogen content (about 150 mg/100 g of testis). The distribution of glycogen in mature animals follows a cyclic pattern. Glycogen appears in the Sertoli cells of the tubules at Stage IV of spermatogenesis (stages defined according to Clermont, 1954) Fig. 7 ) and are very rare in the portion of the ducts distal to the testis. At the same time, glycogen accumulates in the lumen of the proximal portion of the ducts. During this period, phosphorylase activity increases and glycogen synthetase activity appears. The sites of activity of both enzymes can be superimposed on that of glycogen. The activity of both enzymes can be equally confirmed by autoradiography.
In the maturing as well as in mature animals, the following results are ob¬ tained: glycogen is abundant in the ciliated epithelial cells and in the lumen of the proximal zone. It is absent, except in rare epithelial cells, in the distal zone. In the proximal zone, glycogen synthetase activity is strong in the basal J'-P· Fouquet and S. Guha part of the epithelium and in the lumen (PL 3, Fig. 17 ). Total phosphorylase is particularly intense, but active phosphorylase displays a variable intensity (PL 3, Fig. 15) The presence of glycogen exclusively in the Sertoli cells was also observed (Fouquet, 1968) Alfano & Swartz (1955) who consider that the distribution of glycogen in hamster testis is similar to that in man.
As in the hamster, the presence of glycogen in the lumen of the seminiferous tubules was equally observed in the human testis (Montagna & Hamilton, Glycogen enzymes in hamster testis 461 1952), and in deer during the period of sexual inactivity (Wislocki, 1949) . Glycogen, once liberated in the lumen, is probably broken down to small molecules very rapidly, since very little glycogen is observed in the lumen of the intratesticular rete testis and none in the extratesticular portion.
The quantity of glycogen in adult hamster testis appears quite important (0-15 to 0-2% of testicular weight), particularly if it is considered that only about half of the tubules contain glycogen. The significance of the presence of glycogen and its role in spermatogenesis are difficult to explain as general metabolic phenomena because much variation is observed in the cycle of production and in the amounts occurring in different species. It is known that fsh stimulates Sertoli cells, which, in their turn, control the differentiation of germinal cells (Lacy, 1967) . Different hormones also cause modification of glycogen content (Jeffrey, Cavazos, Feagans & Schmidt, 1967) (Mann, 1964; Fouquet, 1966) . Montorzi & Burgos (1967) have indicated the presence of glycogen in the epithelium of the ductuli efferentes, but the striking difference of epithelial glycogen between the proxi¬ mal and the distal portion seems to have escaped their attention. The presence of glycogen in the testis and in the efferent ducts led to the present study of phosphorylase and glycogen synthetase activity, in order to understand the mechanism of glycogen synthesis and breakdown in these or¬ gans. Guha & Wegmann (1966b) found that phosphorylase activity is quite strong in 8-day guinea-pig testis and diminishes progressively with maturation. In young mature animals, phosphorylase shows a moderate activity. Phos¬ phorylase activity in hamster testis increases progressively with maturation and the highest activity is observed just after puberty, but the localization of J--P· Fouquet and S. Guha this enzyme in immature and mature animals of both species is identical. The only exception is that phosphorylase in the guinea-pig is not associated with any definite stage, while in the hamster, it is present only in certain spermato¬ genic stages (Stages I to IX). In spite of a higher glycogen content, the ham¬ ster testis, in all the stages of development, shows a weaker activity than that of the guinea-pig.
Glycogen synthetase activity has a late appearance in the developing testis. This activity appears only when a certain amount of glycogen is detectable in the seminiferous tubules. As phosphorylase is present in the tubules from the very beginning of glycogen synthesis, it seems that this enzyme, in spite of its predominating glycogenolytic role, may take part in synthesis of testicular glycogen. Illingworth, Brown & Cori (1961) (arrow) and weak activity in the sex cords. X 40. Fig. 9 . Total phosphorylase in sex cords. Note intense activity in the glycogen grains and weak activity in the cytoplasmic mass, 250. Fig. 10 . Active phosphorylase in a 3-week hamster testis. In the rete testis, activity is intense in the intratesticular portion and weak in the extratesticular portion. Sex cords have a very weak activity. X 40. Fig. 11 . Total phosphorylase in the section adjacent to that in Fig. 10 . Note much stronger activity in the sex cords and similar reactions in the rete testis. X 40. Fig. 12 . Total phosphorylase in the tubule of a 2-month-old hamster. Activity is moderate in the basal part of some of the Sertoli cells and in the glycogen grains within the sperm tails, 64. Fig. 13 . A tubule of adult hamster before opening into rete testis. Note stronger activity in the Sertoli cell plug (arrow). X 64. Fig. 14 
